Introduction
============

Colorectal cancer (CRC) is the third most common malignancy worldwide in 2012 ([@b1-ol-0-0-11146]). The incidence, in developing countries, has increased by 2--4-fold over the last two decades ([@b2-ol-0-0-11146],[@b3-ol-0-0-11146]). Similar to other malignancies, metastases are the primary cause of CRC-associated mortality ([@b4-ol-0-0-11146]). The discovery of new therapeutic strategies or potential co-therapeutic agents against CRC will be of benefit to numerous patients. Patients with this malignancy often experience depression due to various stresses, which can aggravate clinical manifestations and, as a result, affect disease progression, prognosis and outcome ([@b5-ol-0-0-11146],[@b6-ol-0-0-11146]). The inhibition of monoamine transmitter reuptake by targeting monoamine transporters is currently the most successful mechanism for treating depression ([@b7-ol-0-0-11146]). Epidemiological and animal studies suggest that the use of antidepressants may be associated with decreased risk of CRC ([@b8-ol-0-0-11146]--[@b10-ol-0-0-11146]). However, the mechanism underlying this decreased risk remains elusive.

The norepinephrine transporter (NET) belongs to the monoamine transporter class; monoamine transporters are located in the neurons and glial cells of the central nervous system and in tissues of the peripheral organs innervated by the sympathetic ganglia, including the heart, adrenal medulla, gastrointestinal tract and placenta ([@b11-ol-0-0-11146]). Upon binding to its substrate, norepinephrine (NE), NET co-transports NE along with a Na^+^ ion into the cytoplasm to maintain noradrenergic transmission homeostasis, which is targeted in the treatment of depression ([@b12-ol-0-0-11146],[@b13-ol-0-0-11146]). NET not only regulates the longevity of NE in the synapse but also plays a role in presynaptic and postsynaptic homeostasis. Several intracellular and extracellular signaling molecules can regulate its function ([@b12-ol-0-0-11146]--[@b14-ol-0-0-11146]). In addition, loss or disruption of NET function, caused by factors such as genetic polymorphisms, has been epidemiologically demonstrated to be closely associated with various neuropsychiatric diseases, cardiovascular diseases and cancer ([@b15-ol-0-0-11146]--[@b17-ol-0-0-11146]).

The loss of cell adhesion is a key step in the cascade leading to malignancy and metastasis. In numerous instances, epithelial tumors lose epithelial (E)-cadherin-mediated adhesions as they progress toward malignancy ([@b18-ol-0-0-11146]). Preoperatively elevated soluble E-cadherin levels are a prediction marker of metastasis and a pre-therapeutic prognostic marker for patients with CRC and hepatic metastases ([@b19-ol-0-0-11146],[@b20-ol-0-0-11146]). Notch signaling, a critical pathway in tissue development, was also reported to contribute to tumorigenesis and tumor metastasis ([@b21-ol-0-0-11146]). Furthermore, Notch signaling was demonstrated to regulate E-cadherin expression in breast cancer, hepatocarcinoma and CRC ([@b22-ol-0-0-11146]--[@b24-ol-0-0-11146]). The loss of NET function was found to be associated with genetic alterations in both neural crest cells and the adult superior cervical ganglion and locus ceruleus; the inhibitor of Notch signaling numb-like (Numbl) exhibited increased expression and the Notch signaling pathway was subsequently inhibited in NET-deficient mice ([@b25-ol-0-0-11146]). However, little is known about the function of NET and its downstream mediators in cancer.

In the present study, the significance of NET in CRC was determined using publicly available CRC gene expression RNA sequencing (RNAseq) datasets from The Cancer Genome Atlas (TCGA) database and by immunohistochemistry assays. NET was highly expressed and associated with CRC metastasis. Subsequently, the effect of NET depletion was determined by transfection of human colon cancer HCT116 and SW480 cells with NET-targeting small interfering (si)RNA. Knockdown of NET resulted in decreased invasion of CRC cells, inhibition of Notch1 activation and increased E-cadherin expression. These findings revealed that NET was highly expressed and closely associated with the invasion of human CRC cells by influencing cell-cell adhesion through the Notch1-E-cadherin pathway.

Materials and methods
=====================

### Materials

Antibodies against human NET (cat nos. GTX47102 and Ab41559) were purchased from GeneTex, Inc. and Abcam, respectively. Anti-E-cadherin (cat. no. 20874-1-AP), anti-N-cadherin (cat. no. 22018-1-AP), anti-Notch1 (cat. no. 20687-1-AP) and anti-Snail1 (cat. no. 13099-1-AP) were purchased from Wuhan Sanying Biotechnology, while anti-GAPDH (cat. co. Sc-32233) was obtained from Santa Cruz Biotechnology, Inc.

### Bioinformatics analysis

Data of NET expression in tumor tissues and Tumor-Node-Metastasis (TNM) classification of 183 CRC cases were extracted from the RNAseq Illumina HiSeq dataset in TCGA of the University of California Santa Cruz Genomics Institute. The datasets were downloaded from TCGA tools cancer browser (<https://xenabrowser.net/hub/>). As the previous reports ([@b26-ol-0-0-11146],[@b27-ol-0-0-11146]) demonstrated, the procedure of select datasets (TCGA.COADREAD.sampleMap/HiSeqV2).

### Clinical tissue specimens

Formalin-fixed paraffin-embedded tissue blocks of CRC tumors and adjacent normal mucosal tissues were obtained from 35 patients between December 2017 and June 2018 at the Second Affiliated Hospital of Xi\'an Jiaotong University (Xi\'an, China). None of the patients received prior chemotherapy, radiotherapy or systemic therapies, or had additional malignant tumors. The clinicopathological parameters of the patients are presented in [Table SI](#SD1-ol-0-0-11146){ref-type="supplementary-material"}. There were 15 cases with metastasis, including lymph node metastasis and distant metastasis, and 20 cases without metastasis. All samples were obtained with the informed consent of each patient before collection. The present study was approved by the Medical Ethics Committee of Xi\'an Jiaotong University (approval no. 2017-488).

### Tissue immunohistochemistry

Immunohistochemical detection of NET was performed as previously described ([@b28-ol-0-0-11146]). Anti-NET antibody was used at 1:100 dilution and incubated overnight at 4°C; the human Biotin-Streptavidin HRP Detection kit (cat. no. SP-9001; ZSGB-BIO) including the anti-rabbit secondary antibody (incubation for 30 min at room temperature) and DAB chromogenic agents (incubation for 15 min at room temperature) were used according to the manufacturer\'s protocol. All samples were counterstained with hematoxylin for 30 sec at room temperature.

NET positivity appeared as brown or yellow staining in the plasma membrane or cytoplasm. Scores by two independent investigators were averaged for evaluation of NET expression. The proportion of positive cells was scored as follows: 0, no positive cells; 1, \<10% positive cells; 2, 10--50% positive cells; 3, 50--80% positive cells; and 4, ≥80% positive cells. Staining intensity was rated as follows: 0, no staining; 1, light yellow and weak staining; 2, yellow and moderate staining; and 3, brown and strong staining. The product of staining intensity and proportion of positive cells comprised the staining index (SI). The ratio of NET SI of CRC tumor tissues to NET SI of adjacent normal mucosal tissues was used to evaluate differences in NET expression between patients with metastatic and non-metastatic CRC.

### Cell lines and cell culture

Human colorectal cancer cells (HCT116, RKO, HT29, SW480, SW620 and CaCo-2), purchased from the American Type Culture Collection (ATCC), were kindly provided by Professor Hiroyuki Kuwano (Graduate School of Medicine, Gunma University, Maebashi, Japan). The normal colonic epithelial cell line NCM460 was purchased from the ATCC. The cells were cultured in RPMI-1640 medium (Hyclone; GE Healthcare Sciences) supplemented with 10% fetal bovine serum (FBS; Biological Industries) at 37°C in a humidified atmosphere of 95% air and 5% CO~2~, with medium change every 2 days. Cells in the mid-log phase were used for the experiments in the present study.

### siRNA synthesis and transfection

Human NET siRNAs (siNET1 sense, 5′-GAUUUCGUGACUGUAGUUU-3′; siNET1 antisense, 5′-AAACUACAGUCACGAAAUC-3′; siNET2 sense, 5′-GGAGAAGGAGAGCUACCAA-3′; and siNET2 antisense, 5′-UUGGUAGCUCUCCUUCUCC-3′) and negative control siRNA (siNC sense, 5′-UUCUCCGAACGUGUCACGU-3′; and siNC antisense, 5′-ACGUGACACGUUCGGAGAA-3′) were chemically synthesized by Shanghai Jima Industrial, Co., Ltd. Lipofectamine^®^ 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) was used to transfect the cells. The siRNAs were diluted to 30 nM in the wells plated with HCT116 or SW480 cells. Following incubation for 12 h, cells were incubated with normal medium to observe changes in cell viability or harvested to be seeded into a 24-well cell culture Transwell insert system (8 µm pore size; Becton Dickinson and Company) for observing changes in cell invasion. The transfection efficiency was determined using reverse transcription-quantitative (RT-q)PCR and western blot analysis.

### RNA isolation and RT-qPCR

Total cellular RNA from the human colorectal cancer cells was extracted using TRIzol^®^ reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer\'s instructions. mRNA was reverse transcribed into complementary DNA (cDNA) (at 37°C for 30 min and 85°C for 5 min) using the PrimeScript RT Reagent kit (Takara Bio, Inc.). qPCR was performed using the FastStart Essential DNA Green Master kit (Roche Diagnostics) on a LightCycler^®^480 II instrument, according to the manufacturer\'s instructions: 95°C for 10 min; 95°C for 15 sec, 60°C for 1 min, 72°C for 30 sec (40 cycles); and 94°C for 90 sec, 60°C for 3 min and 94°C for 10 sec. The relative expression of NET to β-actin (internal control) was calculated using the 2^−ΔΔCq^ method ([@b29-ol-0-0-11146]). The primers were synthesized by Tsingke Biotech, and the sequences were as follows: NET forward, 5′-GCGCTCATCCCAGTGTCTAA-3′; NET reverse, 5′-GGATCAAGAAGGCACCGCC-3′; β-actin forward, 5′-CCAGAGGCGTACAGGGATAG-3′; and β-actin reverse, 5′-CCAACCGCGAGAAGATGA-3′. All reactions were performed in triplicate.

### Cell invasion assay

Cell invasion was examined in a 24-well cell culture Transwell insert system. The chambers were coated with Matrigel for determination of cell invasive ability. The lower chamber was filled with 600 µl RPMI-1640 medium containing 10% FBS, and the upper chamber was filled with 200 µl RPMI-1640 medium without FBS. HCT116 (6×10^4^) and SW480 (10×10^4^) cells were seeded onto the upper chamber. Following incubation for 24 h, the remaining cells in the upper chamber were completely removed using a cotton swab, and the invading cells on the bottom surface were fixed with 4% polyformaldehyde for 15 min at room temperature and stained with 0.1% crystal violet for 30 min at room temperature. Digital images were obtained using a photomicroscope at ×100 magnification (Nikon Corporation). In addition, stained cells on the lower surface of the chamber were dissolved with 150 µl DMSO and quantified by measuring the absorbance at 590 nm using a microplate reader (BMG Labtech GmbH).

### Cell viability assay

Cells (HCT116, 3×10^3^ cells/well; and SW480, 3.5×10^3^ cells/well) were seeded onto a 96-well plate. Following incubation for 24 h, MTT (0.5 mg/ml) was added and incubated at 37°C for 4 h, and the absorbance of each well was determined spectrophotometrically at 570 nm using the FLUOstar OPTIMA (BMG Labtech GmbH). All samples were evaluated in quintuplicate.

### Western blot analysis

Cells were harvested from culture dishes and lysed in RIPA buffer supplemented with protease inhibitors and phosphatase inhibitors (Invitrogen; Thermo Fisher Scientific, Inc.). The protein concentration was determined using the Pierce BCA Protein Assay Kit (Thermo Fisher Scientific, Inc.). The cell lysates (20 µg/lane) were separated by SDS-PAGE on a 10% polyacrylamide gel and transferred to PVDF membranes for blotting. The membranes were blocked in 5% skim milk for 30 min at room temperature and incubated with primary antibodies (all 1:1,000) at 4°C overnight. An antibody against GAPDH was used as the loading control. This was followed by incubation with horseradish peroxidase-conjugated IgG anti-rabbit (cat. no. 111-035-144) and anti-mouse (cat. no. 115-035-146) secondary antibodies (Jackson ImmunoResearch Laboratories, Inc.) at 1:5,000 dilution for 1 h. The immunoreactive bands were visualized by enhanced chemiluminescence (EMD Millipore). The band intensity was measured by densitometry and quantified using the Gel Plotting Macros of NIH Image 1.62 software (National Institutes of Health). The relative expression ratio of NET to GAPDH was calculated and normalized to the siNC samples on the same membrane.

### Statistical analysis

All experiments were performed with three independent replicates. The data were expressed as the mean ± standard deviation and analyzed with SPSS 17.0 software (SPSS, Inc.). The Kruskal-Wallis and least significance difference (LSD) post hoc test were used to analyze the expression of NET among patients with CRC exhibiting different T, N and M. One-way ANOVA followed by Tamhane\'s T2 post hoc test was used to determine the associations between NET expression level and clinical characteristics of patients with CRC. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### NET is highly expressed in CRC tissues with metastasis and in human colon cancer cells

In order to determine the significance of NET in CRC, publicly available CRC gene expression RNAseq datasets from TCGA database were analyzed. NET expression was not associated with tumor topography ([Fig. 1A](#f1-ol-0-0-11146){ref-type="fig"}); however, it was significantly associated with lymphatic metastasis (P\<0.05; [Fig. 1B](#f1-ol-0-0-11146){ref-type="fig"}), distant metastasis (P\<0.05; [Fig. 1C](#f1-ol-0-0-11146){ref-type="fig"}) and clinical stages (P\<0.05; [Fig. 1D](#f1-ol-0-0-11146){ref-type="fig"}) in patients with CRC ([@b30-ol-0-0-11146]). The expression of NET was further examined in 35 CRC tissues and adjacent normal tissues ([Fig. 2A](#f2-ol-0-0-11146){ref-type="fig"}). In tumor tissues of patients with metastatic CRC, the expression of NET was significantly higher than in adjacent normal tissues, and its fold increase was higher than that of patients with non-metastatic CRC. The protein levels of NET in CRC HCT116, RKO, HT29, SW480, SW620 and CaCo-2 cells were significantly higher than those in normal colonic epithelial NCM460 cells (P\<0.001; [Fig. 2B](#f2-ol-0-0-11146){ref-type="fig"}). These findings indicate that NET is highly expressed in CRC and is associated with CRC metastasis.

### Knockdown of NET inhibits the invasive capability of human colon cancer cells

In order to determine the role of high NET expression in CRC metastasis, two siRNAs specifically targeting human NET (siNET1 and siNET2) and a negative control (siNC) were synthesized ([Table I](#tI-ol-0-0-11146){ref-type="table"}). Due to the high expression level of NET in human colon cancer HCT116 and SW480 cells ([Fig. 2B](#f2-ol-0-0-11146){ref-type="fig"}), these cells were selected for use in the subsequent experiments. HCT116 and SW480 cells were transfected with siNET1, siNET2 or siNC, and total RNA and protein lysates were extracted at 48 h post-transfection. RT-qPCR and western blot analysis revealed significantly decreased mRNA (P\<0.001; [Fig. 3A](#f3-ol-0-0-11146){ref-type="fig"}) and protein (P\<0.001; [Fig. 3B](#f3-ol-0-0-11146){ref-type="fig"}) expression levels of NET in HCT116 and SW480 cells transfected with both siNET1 and siNET2, compared with those observed in cells transfected with siNC. Subsequently, the effect of NET knockdown on cell invasion was examined. As shown in [Fig. 4](#f4-ol-0-0-11146){ref-type="fig"}, the Transwell assay demonstrated significantly suppressed invasive capability of siNET1- and siNET2-transfected HCT116 and SW480 cells compared with that of cells transfected with siNC; with decreases of 38.1 and 46.0% observed for HCT116 cells, and 42.3 and 49.0% observed for SW480 cells, respectively. In addition, there were no significant differences in cell viability between the siNET and siNC groups ([Fig. S1](#SD1-ol-0-0-11146){ref-type="supplementary-material"}). These findings indicate that the depletion of NET inhibits the invasive capabilities of human colon cancer cells.

### Knockdown of NET increases E-cadherin and inhibits Notch1 signaling activity

E-cadherin is an important cell-cell adhesion molecule. Several studies indicated that expression of E-cadherin was negatively correlated with the degree of differentiation, invasiveness and metastasis of malignant tumors, and positively correlated with prognosis ([@b18-ol-0-0-11146]--[@b20-ol-0-0-11146]). Thus, the changes in the expression of E-cadherin were determined following the knockdown of NET in HCT116 and SW480 cells. As shown in [Fig. 5](#f5-ol-0-0-11146){ref-type="fig"}, although there were no significant changes in N-cadherin protein level, the protein level of E-cadherin was significantly increased in HCT116 and SW480 cells transfected with siNET1 (P\<0.01 and P\<0.05, respectively) and siNET2 (P\<0.001 and P\<0.05, respectively) compared with that observed in cells transfected with siNC. Moreover, compared with those of the siNC group, the expression levels of full length Notch1, cleaved Notch1 and the downstream transcription factor Snail1 ([@b31-ol-0-0-11146]) were all significantly decreased in both HCT116 and SW480 cells transfected with siNET1 or siNET2, indicating Notch1 signaling inhibition in NET-depleted human CRC cells ([Fig. 6](#f6-ol-0-0-11146){ref-type="fig"}). In addition to the key roles during the normal development of multiple tissues and organs, Notch signaling was shown to be associated with the occurrence and development of invasion and metastasis in various types of cancer. Chen *et al* ([@b22-ol-0-0-11146]) revealed that hypoxia-mediated Notch signaling may have an important role in the initiation of epithelial-mesenchymal transition and possess subsequent potential for breast cancer metastasis. Wang *et al* ([@b23-ol-0-0-11146]) demonstrated that abnormal Notch1 expression is strongly associated with metastatic hepatocellular carcinoma, which may be mediated through the Notch1-Snail1-E-cadherin signaling pathway. Vinson *et al* summarized that Notch1 signaling regulates the formation and maintenance of colorectal cancer stem cells, which lead to metastasis and tumorigenesis ([@b21-ol-0-0-11146]--[@b23-ol-0-0-11146],[@b31-ol-0-0-11146]). Furthermore, Notch signaling was demonstrated to regulate E-cadherin expression in several types of cancer, including in CRC cells, and Notch1-Hairy enhancer of Split-1 (HES1)-E-cadherin was shown to promote invasiveness and metastasis, and was associated with poor survival ([@b24-ol-0-0-11146]). Combined with the findings of the present study, it is speculated that the depletion of NET results in the inhibition of Notch1 signaling, increases E-cadherin expression and decreases the invasive capability of human colon cancer cells.

Discussion
==========

Epidemiological and *in vivo* studies suggested that the use of antidepressants was correlated with decreased risk of CRC ([@b8-ol-0-0-11146]--[@b10-ol-0-0-11146]). However, the mechanism underlying this decreased risk remains elusive. NET, a target of antidepressants, is distributed within neurons, glial cells and peripheral sympathetic nerve fibers that innervate tissue organs, including the gastrointestinal tract. The loss or disruption of NET function was shown to be associated with several neuropsychiatric diseases and tumors, for which the underlying mechanisms are unknown. Studies focusing on the SNP 1287 G/A (rs5569), located in exon 10 of hNET, have demonstrated an association with depression, attention-deficit/hyperactivity disorder, personality traits, alcohol dependence, panic disorder, schizophrenia, and bipolar disorder. Höpfner *et al* ([@b15-ol-0-0-11146]) revealed that changes of hNET level can influence the effect of meta-iodobenzylguanidine on neuroendocrine gastrointestinal tumors ([@b15-ol-0-0-11146]--[@b17-ol-0-0-11146],[@b32-ol-0-0-11146]). The present study revealed that NET was highly expressed in CRC tissues with metastasis, compared with that found in adjacent normal tissues, and its fold increase was higher than that of patients with non-metastatic CRC. The knockdown of NET resulted in the inhibition of the invasive capability of human colon cancer cells. In addition, E-cadherin expression increased and Notch1 signaling was inhibited upon knockdown of NET in colon cancer cells. These results suggest that high expression of NET in CRC is associated with the metastasis of human colon cancer cells by influencing cell-cell adhesion via the Notch1-E-cadherin pathway.

The activation of the β-adrenergic system was demonstrated to contribute primarily to stress-associated acceleration of cancer progression ([@b33-ol-0-0-11146]). NE is the principal chemical messenger employed in central noradrenergic and peripheral sympathetic synapses. Inhibitors of monoamine transmitter reuptake are widely used as antidepressants in clinical practice and are reportedly associated with a decreased risk of CRC ([@b8-ol-0-0-11146]--[@b10-ol-0-0-11146]). In addition to their actions against depression, these antidepressants also inhibit tumor cell viability ([@b9-ol-0-0-11146],[@b10-ol-0-0-11146],[@b34-ol-0-0-11146],[@b35-ol-0-0-11146]). The antidepressant fluoxetine was demonstrated to have a direct anti proliferative effect on human colon cancer cells *in vitro*. Moreover, changes in cell viability, cell cycle, apoptosis and NF-κB signaling induced by fluoxetine were also demonstrated. However, the molecular targets associated with this antidepressant were not explored; a series of future experiments will be based on the present findings with the aim of clarifying them and provide evidence for their practice. NET is an important target of antidepressants. Genetic changes or drug interventions are frequently reported to cause several diseases, including cancer. The present study demonstrated high expression of NET to be associated with human colon cancer cell invasion and metastasis. To the best of our knowledge, this is the first study to investigate the target of monoamine transmitter reuptake inhibitors, NET, with respect to its function in human colon cancer cells. However, *in vivo* studies are required to validate the findings of the present study. NET-targeting short hairpin RNA are currently being constructed, which will be used to knockdown NET in mice for future *in vivo* studies.

The loss of cell adhesion is a key step in the development of malignancy and metastasis. E-cadherin is a prognostic indicator in metastasis, and its decreased expression was correlated with enhanced metastasis in several malignancies ([@b18-ol-0-0-11146]--[@b20-ol-0-0-11146]). In the present study, increased expression of E-cadherin was detected in human colon cancer cells upon the knockdown of NET, which may explain the suppressed invasive capabilities of NET-depleted colon cancer cells. Notch signaling, a critical pathway for tissue development, was also shown to be associated with tumorigenesis and tumor metastasis ([@b21-ol-0-0-11146]). After extracellular activation by Jagged 1, the transmembrane protein Notch is cleaved by γ-secretase, and the cleaved intracellular domain of Notch activates associated transcription factors to enhance tumor cell metastasis ([@b36-ol-0-0-11146]). Moreover, Notch signaling regulates E-cadherin expression, and in CRC cells, Notch1-HES1-E-cadherin was demonstrated to promote invasiveness and metastasis ([@b24-ol-0-0-11146]). The present study also demonstrated the inhibition of Notch1 signaling activity upon knockdown of NET in human colon cancer cells. This result is remarkable in light of a previous report that demonstrated NET function to be involved in noradrenergic cell differentiation; the expression of the Notch signaling inhibitor Numbl was increased, and Notch signaling activity was subsequently inhibited, in both neural crest cells and adult superior cervical ganglion and locus ceruleus in NET-deficient mice ([@b25-ol-0-0-11146]). NET was highly expressed and associated with metastasis in human CRC tissues, and the depletion of NET inhibited Notch signaling, increased E-cadherin levels and inhibited the invasive capability of human CRC cells. Thus, antidepressants that target and inhibit NET may decrease the risk of human CRC ([@b8-ol-0-0-11146]--[@b10-ol-0-0-11146],[@b34-ol-0-0-11146],[@b35-ol-0-0-11146]). To the best of our knowledge, this is also the first study to describe the molecular mechanisms downstream of NET in human CRC, which requires further investigation.

Overall, the present study revealed a novel function for NET in colon cancer cells and identified its downstream effector molecules, providing valuable information for application in future studies.
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![Analysis of NET expression in human CRC using TCGA database. Using publicly available CRC gene expression RNAseq datasets in TCGA database, the expression patterns of NET were analyzed bioinformatically and shown according to the grade of (A) topography (T1, T2, T3 and T4), (B) lymph node metastasis (N0, N1 and N2), (C) distant metastasis (M0 and M1) and (D) clinical stages (I, II, III and IV) of patients with CRC. Kruskal-Wallis test followed by least significance difference post hoc test was used to analyze NET expression among different T, N, M and clinical stage groups. \*P\<0.05. TCGA, The Cancer Genome Atlas; NET, norepinephrine transporter; CRC, colorectal cancer.](ol-19-01-0824-g00){#f1-ol-0-0-11146}

![NET is highly expressed in human CRC with metastasis and in human CRC cells. (A) Clinical CRC tissues and adjacent normal tissues were collected and used for paraffin sections. NET immunohistochemistry was performed, which revealed increased expression of NET in cancer tissues of patients with metastatic CRC (scale bar, 50 µm). The proportion and intensity of staining were evaluated and used to calculate the staining index (SI). The ratio of NET SI of CRC tumor tissues to NET SI of adjacent normal mucosal tissues was used to evaluate differences in NET expression between patients with metastatic and non-metastatic CRC. One-way ANOVA followed by Tamhane\'s T2 post hoc test was used to compare the expression of NET between tumor tissues of patients with CRC with metastasis and that of those without metastasis. (B) Lysates of human CRC cell lines (HCT116, RKO, HT29, SW620, SW480 and CaCo-2) and a normal colonic epithelial cell line, NCM460, were harvested. Western blotting revealed high expression of NET in human CRC cells (left). The band intensities were quantified, and the relative expression of NET to GAPDH was calculated and normalized to the NCM460 cell line. One-way ANOVA and least significance differenceposthoc test were used to conduct multiple comparisons between the NET expression levels in human CRC cell lines and in NCM460 cells. \*P\<0.05, \*\*\*P\<0.001. CRC, colorectal cancer; NET, norepinephrine transporter.](ol-19-01-0824-g01){#f2-ol-0-0-11146}

![NET expression is decreased by siNET transfection in human colon cancer cells. HCT116 and SW480 cells were treated with NET-targeting siRNAs (siNET1 and siNET2) or negative control siRNA (siNC). (A) Reverse transcription-qPCR and (B) western blotting were performed and revealed a significant decrease in the mRNA and protein levels of NET in siNET1- and siNET2-transfected human colorectal cancer cells, compared with those observed in siNC-transfected cells. The band intensities of NET were quantified relative to GAPDH and normalized to the siNC sample. The experiments were repeated three independent times with reproducible results. One-way ANOVA and least significance difference post hoc test were used to conduct multiple comparisons between the expression levels of NET in siNET- and siNC-transfected cells. \*\*\*P\<0.001. NET, norepinephrine transporter; siRNA, small interfering RNA.](ol-19-01-0824-g02){#f3-ol-0-0-11146}

![Knockdown of NET inhibits the invasive capability of human colon cancer cells. HCT116 and SW480 cells were treated with NET-targeting siRNAs (siNET1 and siNET2) or negative control siRNA (siNC). Transwell assay demonstrated a significant decrease in the number of invasive cells in siNET1- and siNET2-transfected human colorectal cancer cells compared with that observed in siNC-transfected cells. Scale bar, 100 µm. The experiments were repeated three independent times with reproducible results. One-way ANOVA was used to compare data between siNET- and siNC-transfected cells. Least significance difference tests were used as posthoc tests to conduct multiple comparisons. \*\*P\<0.01, \*\*\*P\<0.001. NET, norepinephrine transporter; siRNA, small interfering RNA.](ol-19-01-0824-g03){#f4-ol-0-0-11146}

![Knockdown of NET increases E-cadherin levels in human colon cancer cells. HCT116 and SW480 cells were treated with NET-targeting siRNAs (siNET1 and siNET2) or negative control siRNA (siNC). After 48 h, cell lysates were harvested, and the protein samples were separated by SDS-PAGE. The levels of E-cadherin and N-cadherin were detected using western blotting. GAPDH was used as the loading control. The relative band intensities of NET vs. GAPDH were quantified and normalized to the siNC samples. The data are representative of three independent experiments. One-way ANOVA was used to compare the data between siNET- and siNC-transfected cells. The least significance difference test was used as the post hoc test to conduct multiple comparisons. \*P\<0.05, \*\*P\<0.01, \*\*\*P\<0.001. NET, norepinephrine transporter; siRNA, small interfering RNA.](ol-19-01-0824-g04){#f5-ol-0-0-11146}

![Depletion of NET inhibits Notch1 signaling in human colon cancer cells. HCT116 and SW480 cells were treated with NET-targeting siRNAs (siNET1 and siNET2) or negative control siRNA (siNC). After 48 h, cell lysates were harvested, and the protein samples were separated by SDS-PAGE. The levels of full length Notch1, cleaved Notch1 and Snail1 were detected by western blotting, and GAPDH was used as the loading control. The band intensities of NET relative to GAPDH were quantified and normalized to the siNC sample. The data are representative of three independent experiments. One-way ANOVA was used to compare data between siNET- and siNC-transfected cells. The least significance difference test was used as the post hoc test to conduct multiple comparisons. \*P\<0.05, \*\*P\<0.01. NET, norepinephrine transporter; siRNA, small interfering RNA.](ol-19-01-0824-g05){#f6-ol-0-0-11146}

###### 

Sequences of primers and oligonucleotides used in the present study.

  Name               Sequence (5′ to 3′)
  ------------------ -----------------------
  siNET1 sense       GAUUUCGUGACUGUAGUUUTT
  siNET1 antisense   AAACUACAGUCACGAAAUCTT
  siNET2 sense       GGAGAAGGAGAGCUACCAATT
  siNET2 antisense   UUGGUAGCUCUCCUUCUCCTT
  siNC sense         UUCUCCGAACGUGUCACGUTT
  siNC antisense     ACGUGACACGUUCGGAGAATT
  NET forward        GCGCTCATCCCAGTGTCTAA
  NET reverse        GGATCAAGAAGGCACCGCC
  β-actin forward    CCAGAGGCGTACAGGGATAG
  β-actin reverse    CCAACCGCGAGAAGATGA

NET, norepinephrine transporter; NC, negative control; si, small interfering.
